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CHAPTER I 
 
 
INTRODUCTION TO THE THESIS 
 
 Dams perform many positive functions for humans, which include storage and 
release of water for power generation, flood control, irrigation, navigation, water supply, 
and recreation (Peters 1986).  However, dams also create significant ecological impacts 
for resident aquatic communities, which include interference with natural flow regimes 
and river continuity, alteration of water temperature and oxygen levels, disruption of 
sediment transport, alter floodplains, obstruction of fish passage, and transformation from 
lotic to lentic systems (Bednarek 2001).   Habitats below dams, especially those with 
hypolimnetic releases, have been particularly affected.  Temperature reductions from 
hypolimnetic reservoir release have a major influence on fish and invertebrates 
downstream.  Reservoir releases may be too cold for extended periods of time to allow 
for adequate reproduction and growth of native, warmwater fish species (Ruane et al 
1986; Travnichek et al. 1995; King et al. 1998; Clarkson and Childs 2000; Todd et al. 
2005), creating effects so great as to largely extirpate most of the native, self-sustaining 
warmwater fisheries.  In many instances, fisheries managers have supplementally stocked 
trout to mitigate for those negative effects, creating coldwater fisheries (Fry and Hanson 
1968; Long and Martin 2008).  
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In the upper Chattahoochee River, Georgia, dams have had similar effects, but 
land-use change has reversed that trend (Long and Martin 2008).  Below Morgan Falls 
Dam, urbanization of Atlanta, Georgia has caused water temperatures to warm due to 
increased urban runoff resulting from increased impervious surface area of the 
watershed(Long and Martin 2008).  The increased temperature resulted in several trout 
kills below Morgan Falls Dam (Long and Martin 2008; Runge et al. 2008), and has 
created a transitional zone that currently supports populations of coldwater and 
warmwater fish species. Although this has complicated stocking decisions, it has given 
fisheries managers an opportunity to restore an endemic warmwater black bass to historic 
population numbers.  In 2003, the Georgia Department of Natural Resources and the 
National Park Service initiated a five-year stocking program below Morgan Falls Dam to 
re-establish a shoal bass population to historic numbers and to provide further sport-
fishing opportunities (Long and Martin 2008).  In the following chapters, I evaluate the 
five-year shoal bass stocking program in the Morgan Falls Dam tailwater.  To do this I 
will assess: 1) contribution, population characteristics, and factors affecting the 
recruitment of stocked juvenile shoal bass to the adult population in the Chattahoochee 
River below Morgan Falls Dam, and 2) short-term, post-stocking responses by juvenile 
shoal bass.   
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CHAPTER II 
 
 
CONTRIBUTION, POPULATION CHARACTERISTICS, AND VARIABLES 
INFLUENCING RECRUITMENT OF SHOAL BASS MICROPTERUS 
CATARACTAE STOCKED INTO THE CHATTAHOOCHEE RIVER, 
GEORGIA 
 
Abstract 
In 2003, the Georgia Department of Natural Resources and the National Park Service 
initiated a five-year shoal bass stocking program below Morgan Falls Dam in the 
Chattahoochee River, Georgia with a goal of rehabilitating population abundance to 
historic levels and to provide further sport-fishing opportunities.  Shoal bass were marked 
with oxytetracyline (OTC) and stocked as juveniles at one of two size classes (Phase I 
[~25 mm, TL] and Phase II  [~60 mm, TL]) in spring (April – June) each year (2003-
2007).  Contribution to the adult population was evaluated by collecting adult shoal bass 
with boat electrofishing from 2007-2011 and viewing their otoliths for the presence of an 
OTC mark.  Stocked shoal bass dominated the total sample of adult fish collected (62%) 
and most of these fish (41%) were stocked at the larger size class.  Based on results from 
multiple regression modeling, age-3 shoal bass catch-per-unit-effort was positively 
related to mean size at stocking and spring water temperatures.  Natural mortality of 
shoal bass in this population was low (20%) with increased longevity (14 years) and low
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 growth rates. Overall, the five-year shoal bass stocking program was successful in 
increasing shoal bass abundance in the Chattahoochee River below Morgan Falls Dam.   
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Introduction 
The shoal bass Micropterus cataractae, once considered the Apalachicola or Flint 
River form of redeye bass M. coosae (Ramsey and Smitherman1972), is a recently-
described species of black bass endemic to the Apalachicola-Chattahoochee-Flint River 
Basin in Alabama, Florida, and Georgia (Figure 1; Williams and Burgess 1999).  The 
shoal bass is a habitat specialist inhabiting shoals of medium to large river systems 
(Williams and Burgess 1999; Wheeler and Allen 2003; Stormer and Maceina 2008).  
Throughout their range, shoal bass have been negatively impacted by dams, resulting in 
local extirpations and declines in abundance (Williams and Burgess 1999; Long and 
Martin 2008).  As a result, shoal bass have been listed as a species of special concern in 
Alabama, (Williams and Burgess 1999), threatened in Florida (Gilbert 1992), and 
vulnerable throughout their range by the American Fisheries Society Endangered Species 
Committee (Jelks et al. 2008).   
In the upper Chattahoochee River, Georgia, the shoal bass is limited to only small 
reaches of river because of the many impoundments that have eliminated their habitat and 
impeded their movements (Williams and Burgess 1999).  In particular, the creation of 
Lake Sidney Lanier in 1958 caused shoal bass to disappear from a 76-kilometer (km) 
reach of the Chattahoochee River due to impoundment flooding, and from a 77-km reach 
below the lake due to coldwater hypolimnetic releases from the dam (Figure 1; Long and 
Martin 2008).  To mitigate for the loss of this and other warm-water fish species below 
Lake Lanier, trout (Salmonidae) were stocked in the newly-created Chattahoochee River 
tailwater.  
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 Urbanization of Atlanta, Georgia, through which the Chattahoochee River 
tailwater flows, has caused water temperatures to warm in the river below Morgan Falls 
Dam, leading to occasional die-offs of the stocked trout (Long and Martin 2008; Runge et 
al. 2008).  As a result, the water temperature regime was thought suitable for re-
establishing a shoal bass population (Long and Martin 2008).  Furthermore, this 19-km 
reach contains some of the best remaining shoal habitat in the river (Nestler et al. 1986; 
Georgia Power 2006).  Thus, the Georgia Department of Natural Resources (GADNR) 
and the National Park Service (NPS) initiated a five-year shoal bass stocking program in 
2003 below Morgan Falls Dam to re-establish a population to historic population 
abundance levels and to provide further sport-fishing opportunities (Long and Martin 
2008).   
 In 2003, thirty pairs of shoal bass brood stock were collected from North 
Highlands reservoir on the lower Chattahoochee River, and stocked into a 0.4-ha earthen 
pond at the Steve Cocke Fish Hatchery for spawning.   Fry were produced annually for 5 
years from this initial brood of shoal bass and stocked into two to three sites at the 
Chattahoochee River below Morgan Falls Dam.  Each year, stocked fish were marked in-
transit as 30-day old fingerlings (Phase I size; ~25 mm, TL) with 500 mg/L buffered 
oxytetracycline (OTC; Hoffman and Bettoli 2005) and stocked in April- May.  In 2004 
and 2005, approximately 10,000 fingerlings were held over following marking, grown for 
an additional 30 days to Phase II fingerling size (~ 60 mm TL), marked again with OTC, 
and stocked in early June.  In 2006, unusual weather conditions allowed juvenile fish to 
grow faster and these were stocked at Phase II size, but at Phase I time (i.e., April).  Prior 
to stocking, shoal bass were acclimated to the temperature of the river.  In 2003, fish 
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were stocked below Morgan Falls Dam and at Johnson Ferry (~ 8 km downstream).  In 
2004-2007, fish were stocked below Morgan Falls Dam, Cochran Shoals (~ 10 km 
downstream), and Paces Mills (~ 14 km downstream).   
 It has yet to be determined if stocking these fish has accomplished the goals of 
this program.  Due to their recent description and restricted distribution, few studies have 
investigated supplemental stocking of shoal bass.  In the Flint River, Georgia below 
Warwick Dam, shoal bass stocked as Phase-I fingerlings resulted in high contributions to 
year class strength (T. Ingram, GADNR, personal communication).  However, 
reintroductions of larger shoal bass (178-241 mm TL) into several Alabama tributaries 
were mostly unsuccessful (Sammons and Maceina 2009).    
 Size at stocking can affect the success of fish reintroduction efforts.  Stocking 
larger juveniles mimics an early spawning event, possibly conferring a competitive 
advantage over smaller individuals.  In theory, larger juveniles have a substantial length 
advantage over smaller juveniles, making them less vulnerable to predators, and allowing 
them to transition to piscivory earlier, ultimately leading to higher survival to adulthood 
(Goodgame and Miranda 1993; Ludsin and DeVries 1997). Therefore, contribution to the 
year class may be higher when larger juvenile fish are stocked (Loska 1982).  However, 
rearing larger fish is expensive because it requires more hatchery space, longer periods 
spent in hatchery ponds, increased hatchery personnel effort, and higher mortality due to 
cannibalism (Colvin et al. 2008).  Smaller fish, though, can be raised in greater numbers 
at less expense, so that if few survive, the resultant addition to the adult populations may 
be equal to stocking fewer, more expensive, larger fish. 
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Environmental factors may also influence stocking success.  Temperature is an 
important environmental variable affecting fish reproduction, incubation, metabolism, 
swimming, feeding, and growth (Coutant 1975; Venables et al. 1978).  Water 
temperatures in the upper Chattahoochee River remain unnaturally cold due to 
hypolimnetic release from Buford Dam, resulting in a marginal thermal habitat for 
warmwater fish species (Georgia Power 2006).  Furthermore, variable river flows due to 
peaking operations from upstream Buford dam (Georgia Power 2006) are also common 
in the upper Chattahoochee River and can affect fish growth (Paragamian and Wiley 
1987) and year class strength (Crecco and Savoy 1984; Lukas and Orth 1995; Bonvechio 
and Allen 2005). 
 The goal of this study was to evaluate the relative success of the shoal bass 
stocking program in the upper Chattahoochee River.  My objectives to meet this goal 
were to determine the proportion of adult fish that were marked with OTC and 
summarize various aspects of their population characteristics (e.g. relative abundance, 
growth, and mortality).  Furthermore, I determined how size at stocking, water 
temperature and river discharge affected the recruitment of stocked juvenile shoal bass to 
the adult population.  
 
Study Site  
 The study area was located in the NPS Chattahoochee River National Recreation 
Area (CRNRA).  The CRNRA manages several land units bordering the Chattahoochee 
River downstream of Morgan Falls Dam, including Cochran Shoals and Paces Mill 
(Figure 1).  The Chattahoochee River below Morgan Falls Dam is unnaturally cold due to 
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the release of hypolimnetic water from upstream Buford Dam, but exhibits a longitudinal 
gradient in water temperature, being colder immediately downstream of Morgan Falls 
Dam and warming through the downstream reaches (Figure 2).  Despite this warming 
trend in the river, the water temperature regime in this reach of river remains marginal for 
warmwater black basses.   
 
Methods    
 To determine the contribution of stocked fish to the adult population, adult shoal 
bass were collected from the river using boat-mounted DC electrofishing gear during 
GADNR standardized black bass sampling (30-minutes of effort) during 2007-2011 at 
three locations (Morgan Falls Dam, Cochran Shoals, and Paces Mill; Figure 1).  Fish 
were measured (mm total length, TL).  Otoliths (sagittae) were removed (except in 2009), 
embedded in epoxy, sectioned with a Buehler
®
 low-speed Isomet saw, and sanded with 
600-grit sandpaper.  Shoal bass ages were estimated from otoliths, chosen and viewed at 
random three different times, by a single reader.  The median age among the three 
estimates was considered the age of the fish.  These ages, combined with OTC mark 
presence, were used to evaluate year-class strength of stocked fish.   The presence of an 
OTC mark on the otoliths (0 marks [wild fish], 1 mark [Phase-I stocking; Figure 3], or 2 
marks [Phase-II stocking; Figure 4]) was determined using an epifluorescent compound 
microscope (Motic BA400T-FL, Motic Incorporation LTD, Hong Kong) equipped with a 
100-W ultraviolet (Hg arc) light source and fluorescent filter (495 dichroic mirror, 470 
excitation filter, and 515-nm IF barrier filter).  
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 Percent contribution of each stocked year class (2003-2007) and size-at-stocking 
(Phase-I and Phase-II) was calculated as the ratio of stocked to wild fish.  An 
examination of 20 known marked and 20 unmarked shoal bass otoliths found OTC 
detection rate was 95%, which was used to adjust calculations of stocked fish 
contribution.  Total mortality for each cohort of stocked shoal bass (2003-2008 including 
Phase-I and Phase-II stockings) was estimated by regressing log10-abundance on year 
where more than five fish per cohort over at least three sampling years existed.  Length-
at-age of shoal bass collected during GADNR standardized sampling was calculated 
separately for stocked and wild fish.  I pooled fish of similar age among sampling years; 
log10 transformed age and length and tested for differences in regression slopes (i.e., 
growth) between stocked and wild fish with analysis of covariance (ANCOVA).  I 
included only age groups that were represented in both wild and stocked fish. 
 Recruitment of shoal bass to the adult population in relation to stocking size and 
environmental variation was modeled using multiple stepwise regression.  Shoal bass 
abundance at age-3 from GADNR standardized sampling conducted during 2007-2011 
was the dependent variable in the model and was pooled among sampling sites each year.  
Age-3 fish were considered the minimum age fully susceptible to capture with boat 
electrofishing during GADNR sampling and had the potential to have resulted from 
stocking (e.g., juveniles stocked in 2004 would be three years old in 2007 and those 
stocked in 2007 would be three years old in 2010).   In order to include abundance of 
age-3 fish captured in 2009, when otoliths were not taken for age estimation, I compared 
mean lengths of age-3 fish among sampling years with ANOVA, which was not 
significant (F1,26=0.35, P=0.56), and then used an age-length key to assign ages to these 
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fish based on length.  Age-3 fish stocked as Phase I and Phase II size in 2004 and 2005 
were considered independent cohorts.  Abundance of age-3 fish was log10 transformed to 
normalize the data for inclusion in the model.  Size at stocking and environmental 
variables of water temperature and river discharge during spring, summer, fall, and 
winter were considered for inclusion in the stepwise regression model as independent 
variables.  Daily mean water temperature was obtained from GADNR and the United 
States Geological Survey (USGS) stream gage below Morgan Falls Dam.  Mean daily 
river discharge (m
3
/s) was obtained from the USGS stream gage below Morgan Falls 
Dam.  Mean water temperature and discharge were summarized for each of the following 
time periods: spring (date of stocking – 21 June), summer (22 June – 21 September), fall 
(22 September – 21 December), and winter (22 December – 21 March).  Multicolinearity 
was assessed using correlation analysis to ensure no variables with correlation 
coefficients > 0.80 were included in the model.  The final regression model was 
considered significant at P < 0.10 due to low power associated with small sample size (n 
= 6 stocking events), and I wanted to discover potential relationships.   
 
Results 
During the five-year shoal bass stocking project, a total of 210,474 fingerlings 
were stocked into the Chattahoochee River below Morgan Falls Dam (Table 1).  The 
number of fish stocked varied annually, from > 70,000 in 2005 to > 6,000 in 2006.  In 
2006, rapid growth combined with high rates of cannibalism in hatchery ponds resulted in 
a drastic reduction in the number of fish raised, and an increase in mean size.  As a result, 
these fish were stocked at Phase-II size, but at Phase-I time.  Otherwise, the size of 
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fingerlings ranged from 23-30 mm TL for Phase-I fish and from 55-68 mm TL for Phase-
II fish. 
A total of 155 adult shoal bass were collected during GADNR standardized 
sampling in spring from 2007 to 2011, and comprised 12 year classes.  Of these fish, 62 
were wild (40%) and 93 were stocked (60%) (Figure 5).  Shoal bass from the 2002 year 
class dominated (16.8%) the wild fish portion of the total sample, followed by 2001 
(12.3%) and 2008 (5.2%).  All other wild cohorts combined made up <6% of the total 
adult shoal bass sample.  Stocked fish were dominated by the 2004 year class (37.4%), 
followed by 2006 (11.6%), 2005 (5.8), 2007 (4.5%) and 2003 (0.7%).    
In 2004 and 2005, when shoal bass were stocked at two sizes (Phase-I and Phase-
II fingerlings), those stocked at the larger size dominated the stocked sample of the total 
adult population (63%).  Additionally, the 2006 stocked cohort, which quickly grew to 
Phase-II fingerling size because of cannibalism in the hatchery, contributed 19% to the 
stocked adult shoal bass sample.  In total, shoal bass stocked as Phase-II fingerlings 
comprised 83% of the stocked shoal bass in the adult population (Figure 6).    
 Estimated ages of shoal bass ranged from 0 – 14 years.  Analysis of covariance 
revealed no significant difference in log10 (mean TL) at log10 (age) regression slopes 
between wild and stocked shoal bass in the Chattahoochee River below Morgan Falls 
Dam (F1,121=1.84, P>0.05; Figure 7).  Only the 2004 cohort of shoal bass contained 
sufficient number of fish to calculate total mortality, which was estimated at 20% (Figure 
8). 
 Mean flow was highly correlated with mean river temperature for all seasons (r > 
0.80; P < 0.05).  In the upper Chattahoochee River, river discharge is largely controlled 
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by Buford Dam, whose hypolimnetic releases decrease water temperature.  As a result, 
only seasonal water temperatures were included in the model.  The multiple regression 
model for shoal bass indicated that age-3 abundance was positively related to mean 
length at stocking and mean spring water temperature (F2,3= 20.78, r
2 
= 0.93, P < 0.10; 
Figure 10).  Mean length at stocking explained most of the variation in the model (F1,4= 
9.24, r
2 
= 0.70). 
 
Discussion  
 Unlike previous supplemental black bass stocking events, which often contributed 
very little to year class strength of wild populations (Funk and Fleener 1974; Boxrucker 
1986; Buynak and Mitchell 1999; Hoffman and Bettoli 2005; Heitman et al. 2006; Diana 
and Wahl 2009; Sammons and Maceina 2009), contribution of stocked shoal bass to the 
adult population in the Chattahoochee River, Georgia below Morgan Falls Dam was 
high; stocked fish comprised 100% of their year class for each year during stocking.  
These stocking contributions are considerably higher than those found in other shoal bass 
stocking programs. In the Flint River, Georgia, annual stocking contribution from 1999-
2009 ranged from 3-50% (GADNR unpublished data).  In four tributaries to the 
Chattahoochee River in Alabama, 6.7% of stocked shoal bass comprised the adult black 
bass population (Sammons and Maceina 2009).  Based on my results, it appears that the 
low mortality of the shoal bass population in the upper Chattahoochee River coupled with 
the larger juvenile size at stocking contributed the most to the success of this program.  
 Results based on multiple-regression modeling suggest that shoal bass recruitment 
to age-3 was related more to size-at-stocking than exogenous factors such as water 
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temperature, although the causal mechanism is unknown.  Stocking larger fish has led to 
increased recruitment in other freshwater fish species including largemouth bass 
Micropterus salmoides (Loska 1982; Buynak and Mitchell 1999; Mesing et al. 2008), 
muskellunge Esox masquinongy (Szendrey and Wahl 1996), and walleye Sander vitreus 
(Santucci and Wahl 1993; Brooks et al. 2002).  Larger stocked fish have a larger gape 
size that allows them to transition immediately to piscivory or target a wider range of 
prey sizes, whereas smaller fish may continue to feed on aquatic invertebrates instead of 
transitioning to larger prey items (Mesing et al. 2008).  Juvenile bass that transition to 
piscivory earlier tend to experience higher survival to adulthood (Goodgame and Miranda 
1993; Ludsin and DeVries 1997).  Furthermore, larger fish may avoid predation and 
consequently have higher survivorship rates because they exceed predator gape limits 
(Santucci and Wahl 1993; Szendrey and Wahl 1996).        
 The role of water temperature also probably affected juvenile shoal bass 
recruitment.  Temperature-mediated growth during the first year is an important factor 
determining recruitment of age-0 fish to the adult population for many species (Horning 
and Pearson 1973; Venables et al. 1978; Coutant and DeAngelis 1983; Sabo and Orth 
1995; Tidwell et al. 2003).  Although no one has studied the temperature required for 
optimizing growth of shoal bass, related largemouth bass and smallmouth bass 
Micropterus dolomieu achieve optimal growth between 25 and 27 ˚C  (Horning and 
Pearson 1973; Coutant and DeAngelis 1983).  Average water temperature in the 
Chattahoochee River below Morgan Falls Dam during spring rarely exceeded 20˚C 
during the five-year stocking period.  The smaller fish (~25 mm TL) that were stocked in 
these colder habitats were less successful at recruiting to adulthood than the larger fish 
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(~60 mm TL), but the mechanism responsible is unclear because the larger fish were also 
stocked later in the spring when water conditions were relatively warmer. 
 Stocking fish later in the spring not only affects the available water temperature, 
but also the availability of prey resources.  The match-mismatch theory indicates 
successful recruitment is a function of the timing and duration of prey abundance and 
availability to juvenile fish (Kristiansen et al. 2011).  Because the Chattahoochee River 
has a depressed thermal regime, the timing of prey availability may be later compared to 
other warmwater rivers of the area and stocking fish later in the spring could provide 
greater resources than those available to early-stocked fish, increasing their survival 
(Neal et al. 2002; Mesing et al 2008).  During May stockings, water temperature was 
approximately 15
o
C whereas June temperatures had warmed to 21
o
C, which is closer to 
temperatures associated with spawning of warmwater fish species (Carlander 1977), 
presumably producing available prey resources for stocked juvenile shoal bass. 
 Alternatively, difference in temperature of rearing ponds and stocking locations 
may have played a role apart from actual temperature, causing additional stress and 
higher mortality (Diana and Wahl 2009).  Fish stocked into the Chattahoochee River 
were raised in warm hatchery ponds and stocked into an unnaturally cold river 
environment.  On the day of the first stocking in early May, the difference in water 
temperature between the hatchery pond temperature and river temperature was ~8
o
C 
(23
o
C and 15
o
C, for the hatchery pond and river, respectively).  Conversely, on the day of 
the second stocking in June, the disparity in water temperature between hatchery pond 
and river were less extreme, differing by ~3
o
C (24
o
C and 21
o
C, for the hatchery pond and 
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river, respectively).  How temperature-mediated stress might affect stocking success 
should be further studied.   
 The depressed water temperature regime below Morgan Falls Dam also likely led 
to increased longevity, but slow growth of shoal bass in the upper Chattahoochee River.  
Natural mortality estimates of the shoal bass population below Morgan Falls Dam were 
low (20%) with high longevity (14 years), which resemble estimates of northern bass 
populations that experience colder water temperatures (Beamesderfer and North 1995).  I 
am aware of no other study that has estimated shoal bass mortality for comparison, but 
the longevity of shoal bass in this reach of the Chattahoochee River (14 years) far 
exceeded the previous maximum age of eight years found in a lower Chattahoochee 
River tributary in Alabama (Wright 1967; Williams and Burgess 1999).  Moreover, the 
growth rate of fish in the upper Chattahoochee River below Morgan Falls Dam was much 
lower than has been observed for other shoal bass populations.  Sammons and Maceina 
(Auburn University, unpublished data) found that age-2 shoal bass in the Ocmulgee and 
Flint rivers, Georgia, averaged 259 and 284 mm TL, respectively.   In the Chattahoochee 
River, age-2 shoal bass averaged 151 and 187 mm TL for wild and stocked fish, 
respectively.  In the Chipola River, Florida, age-5 shoal bass were 384 mm (Parsons and 
Crittenden 1959), which is considerably larger than 5-year old shoal bass in the 
Chattahoochee River below Morgan Falls Dam at 262 and 264 mm TL for wild and 
stocked fish, respectively.  
 The impetus for stocking shoal bass was to re-establish this native species in an 
area where they were largely extirpated and this program achieved that goal.  However, I 
found that wild fish were sometimes abundant in the samples collected by GADNR from 
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2007-2011, confirming the results of previous shoal bass surveys conducted in this reach 
(Georgia Power 2006; Dakin et al. 2007).  Shoal bass surveys during the 1970’s and 
1980’s indicated a very low abundance of shoal bass in the Chattahoochee River below 
Morgan Falls Dam (Long and Martin 2008).  It is unknown whether these wild fish were 
spawned in the river, or immigrated from downstream areas where conditions were more 
conducive to spawning.  Interestingly, no wild shoal bass cohorts were produced during 
the years when shoal bass were stocked (2003-2007), although wild cohorts were 
represented prior to (1999-2002) and following (2008-2009) the stocking program.  How 
artificial reproduction of shoal bass (i.e., stocking) might affect natural reproduction in 
the Chattahoochee River below Morgan Falls Dam is unknown and in need of study.         
 Overall, stocking efforts were successful in increasing shoal bass abundance 
below Morgan Falls Dam.  These results suggest that future shoal bass stocking efforts in 
the upper Chattahoochee River, Georgia would be most effective when larger fish could 
be stocked in areas or times when water temperatures are warmer.  However, because 
wild cohorts had been observed, research related to factors affecting wild cohort 
formation would be useful.
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Table 1: Number of shoal bass stocked, stocking date, and mean total length of fish 
stocked below Morgan Falls Dam in the Chattahoochee River, Georgia during the five 
year GADNR/NPS shoal bass stocking program (2003-2007). 
 
Cohort Date of stocking Number stocked Mean total length at stocking (mm) 
2003 
April 29 
57,632 
25.0 
2004a 
May 4 
30,834 
30.3 
2004b 
June 9 
10,122 
68.2 
2005a 
May 9 
61,166 
28.9 
2005b 
June 14 
9,460 
63.2 
2006 
May 8 
6,723 
55.6 
2007 
April 26 
34,237 
23.7 
Total 
 
210,747 
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Table 2: Dependent and independent variables used in the multiple stepwise regression model relating age-3 shoal bass 
abundance to several environmental variables. Lstock=mean length of fish stocked (mm), SpTemp=mean spring 
temperature following stocking in each year, SuTemp=mean summer temperature, FaTemp=mean fall temperature, 
WiTemp=mean winter temperature.  Letters following cohort year represent size at stocking (a= Phase I fingerlings 
[~25 mm TL], b=Phase II fingerlings [~60 mm TL]).  Age-3 abundance was Log10 transformed prior to inclusion in the 
model. 
 
 
  Dependent Variable   Independent Variables 
Cohort Log10(age-3 abundance) 
 
Lstock (mm) SpTemp SuTemp FaTemp WiTemp 
2003 0 
 
25 15.7 17.3 14.1 9.0 
2004a 2.8 
 
30 19.2 17.9 13.4 9.7 
2004b 32.0 
 
68 20.4 17.9 13.4 9.7 
2005a 0 
 
28.9 16.5 17.8 14.3 9.8 
2005b 6.0 
 
63.2 15.5 17.8 14.3 9.8 
2006 4.5 
 
55.6 16.5 19.6 13.3 9.5 
2007 1.5   23.7 17.7 18.3 13.6 9.5 
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Figure 1: Map of Apalachicola River basin and the upper Chattahoochee River noting the 
three locations where juvenile shoal bass were stocked as part of a restoration program 
that occurred from 2003 to 2007.
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Figure 2: Longitudinal gradients in temperature present in the Chattahoochee River, 
Georgia downstream of Morgan Falls Dam (MFD).  The Atlanta stream gage is located 
approximately 1.6 km downstream of MFD.  Stars indicate the hatchery water 
temperature on the day of stocking.
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Figure 3. A shoal bass otolith under fluorescent light showing one oxytetracycline (OTC) 
mark, which represents a fish stocked in the Chattahoochee River, Georgia during early 
spring at Phase I fingerling size (~25 mm TL).
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Figure 4: A shoal bass otolith under fluorescent light showing two oxytetracycline (OTC) 
marks, which represent a fish stocked in the Chattahoochee River, Georgia during late 
spring at Phase II fingerling size (~60 mm TL).
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Figure 5: Percent contribution of 12 shoal bass cohorts collected from the Chattahoochee 
River, Georgia (2007-2011) during Georgia Department of Natural Resources 
standardized sampling.
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Figure 6: Percent contribution for the stocked portion of the adult sample during the five 
year stocking program (2003-2007) that were collected from the Chattahoochee River, 
Georgia during spring Georgia Department of Natural Resources standardized sampling.
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Figure 7: Comparison of mean total lengths of stocked and wild adult shoal bass collected 
from the Chattahoochee River, Georgia, in 2007, 2008, 2010, and 2011 during spring 
Georgia Department of Natural Resources standardized sampling.
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Figure 8. Catch curve for the 2004 stocked cohort from the Chattahoochee River, 
Georgia, in 2007, 2008, 2010, and 2011 during spring Georgia Department of Natural 
Resources standardized sampling.
Z = 0.23 
S = 0.80 
A = 0.20 
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Figure 9: Sectioned shoal bass otolith estimated at 14 years old collected from the 
Chattahoochee River, Georgia, in 2011 during spring Georgia Department of Natural 
Resources standardized black bass sampling.  Solid circles mark each annuli.
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Figure 10: Shoal bass age-3 abundance related to both spring water temperature (r
2
=0.23; 
gray diamonds) and size at stocking (r
2
=0.70; black squares).  Estimates predicted from a 
stepwise multiple regression model (log10age-3 abundance = -6.262 + 0.055Lstock + 
0.306SpTemp).
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Appendix 1.  Size, age, and stocking cohort (based on number of OTC marks) for shoal 
bass captured during standardized electrofishing by the Georgia Department of Natural 
Resources on the Chattahoochee River, Georgia. 
Year Fish ID Total length (mm) Age Number of OTC marks 
2007 2 260 5 0 
2007 3 260 5 0 
2007 7 250 5 0 
2007 8 270 3 2 
2007 11 265 5 0 
2007 12 240 3 2 
2007 14 280 5 0 
2007 15 220 3 2 
2007 16 200 3 2 
2007 17 195 3 2 
2007 18 225 3 2 
2007 19 220 3 2 
2007 20 210 3 2 
2007 21 270 5 0 
2007 22 210 3 2 
2007 23 210 3 2 
2007 25 180 2 1 
2007 26 230 3 2 
2007 27 400 8 0 
2007 28 350 6 0 
2007 29 330 8 0 
2007 30 215 3 2 
2007 31 240 5 0 
2007 32 200 3 2 
2007 33 230 3 2 
2007 34 130 1 1 
2007 35 170 3 1 
2007 36 280 5 0 
2007 37 295 6 0 
2007 38 160 1 1 
2007 40 295 5 0 
2007 41 300 5 0 
2007 42 205 3 2 
2007 43 240 7 0 
2007 44 175 3 1 
2007 45 230 5 0 
2007 46 290 6 0 
2007 47 250 5 0 
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2007 48 235 3 2 
2007 49 240 5 0 
2007 50 120 1 1 
2007 51 190 3 2 
2007 52 190 2 1 
2007 53 175 3 2 
2007 54 230 3 2 
2007 55 195 3 2 
2007 57 250 5 0 
2007 58 255 5 0 
2007 59 200 3 2 
2008 3 242 4 2 
2008 4 274 6 0 
2008 5 244 4 2 
2008 6 197 2 1 
2008 8 207 3 2 
2008 10 229 4 2 
2008 11 206 3 2 
2008 12 247 4 2 
2008 13 243 6 0 
2008 14 268 4 2 
2008 15 221 3 2 
2008 17 185 2 1 
2008 18 292 9 0 
2008 19 115 1 1 
2008 20 240 4 2 
2008 21 232 6 0 
2008 24 260 7 0 
2008 25 252 7 0 
2008 26 234 4 2 
2008 27 221 4 2 
2008 28 226 8 0 
2008 29 251 4 2 
2008 30 195 4 1 
2008 31 229 3 2 
2008 32 237 4 2 
2008 33 232 4 2 
2008 34 161 2 1 
2008 35 213 4 2 
2008 36 253 6 0 
2008 37 221 4 2 
2008 38 226 4 2 
2008 39 222 4 2 
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2008 40 156 2 1 
2008 41 101 1 1 
2008 43 68 0 0 
2009 20 201 2 1 
2009 21 191 2 1 
2009 22 191 2 1 
2009 23 149 1 0 
2009 24 126 1 0 
2009 25 202 3 1 
2009 26 213 2 1 
2009 27 209 3 1 
2009 28 208 3 1 
2009 29 138 1 0 
2010 C-1 341 6 1 
2010 C-2 360 9 0 
2010 C-3 194 3 1 
2010 C-4 312 6 2 
2010 C-5 381 8 0 
2010 C-6 304 6 2 
2010 C-7 342 6 2 
2010 C-8 309 6 2 
2010 C-9 330 8 0 
2010 C-10 305 6 2 
2010 C-11 152 2 0 
2010 C2-1 312 6 2 
2010 C2-2 105 1 0 
2010 C2-3 316 6 2 
2010 C2-4 353 8 0 
2010 C2-5 384 9 0 
2010 C2-6 298 6 2 
2010 C2-7 320 6 2 
2010 C2-8 364 9 0 
2010 C2-9 352 6 2 
2010 C2-10 154 2 0 
2010 J-1 362 11 0 
2010 J-2 179 5 1 
2010 J-3 148 2 0 
2010 M-1 295 9 0 
2010 M-2 336 9 0 
2010 M-3 249 4 1 
2011 C-1 342 7 2 
2011 C-2 342 10 0 
2011 C-3 336 9 0 
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2011 C-4 295 7 1 
2011 C-5 355 7 2 
2011 C-6 327 7 2 
2011 C-7 276 5 1 
2011 C-8 275 5 1 
2011 C-9 306 7 2 
2011 C-10 370 10 0 
2011 C-11 282 5 1 
2011 C-12 322 10 0 
2011 C-13 310 7 2 
2011 C-14 398 10 0 
2011 C-15 372 9 0 
2011 C-16 379 10 0 
2011 C-17 381 10 0 
2011 C-18 475 6 2 
2011 C-19 263 5 1 
2011 C-20 366 11 0 
2011 C-21 422 14 0 
2011 C-22 326 7 2 
2011 C-23 333 7 2 
2011 C-24 385 9 0 
2011 J-1 270 6 1 
2011 J-2 404 10 0 
2011 M-1 264 5 1 
2011 M-2 394 9 0 
2011 M-3 381 9 0 
2011 M-4 296 7 2 
2011 M-5 306 5 1 
2011 M-6 368 10 0 
2011 M-7 221 5 1 
2011 P-1 160 3 0 
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CHAPTER III 
 
 
POST-STOCKING RESPONSES OF JUVENILE SHOAL BASS MICROPTERUS 
CATARACTAE IN A MARGINAL TAILWATER ENVIRONMENT 
 
Abstract 
Juvenile shoal bass Micropterus cataractae stocked in the Morgan Falls Dam tailwater in 
Upper Chattahoochee River, Georgia were studied and compared to a naturally-occurring 
congener, largemouth bass M. salmoides, to assess the effects of a marginal tailwater 
environment on juvenile black bass age, growth and prey use.  In spring 2004, Shoal bass 
were marked with oxytetracycline (OTC) and stocked twice (early and late) at three 
locations: below Morgan Falls Dam, Cochran Shoals, and Paces Mill.  Juvenile bass were 
then sampled with backpack electrofishing twice in summer 2004 at the three stocking 
sites.  Captured fish were measured for total length and otoliths were removed for OTC 
mark detection and age estimation; daily growth was then calculated.  Both species of 
bass were longer at downstream, warmer sites (Cochran Shoals and Paces Mill) than at 
the upstream, coldest site (Morgan Falls Dam).  Shoal bass growth in the hatchery prior 
to stocking was slightly less than largemouth bass growth in the river during the same 
time period.  After stocking, shoal bass growth was reduced approximately 60%, which 
was visible on the otolith as a constricted daily growth increment (i.e., natural mark).  
Daily rings subsequent to the natural mark were constricted and difficult to discern
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 resulting in underestimated ages from 3 to 9 days depending on stocking location 
(greater underestimates occurred at colder stocking sites in the river).  Both species 
tended to be older and grow faster at warmer, more downstream sites.  In both months, 
diets of shoal bass and largemouth bass consisted mainly of ephemeroptera nymphs and 
simuliidae larvae, however, shoal bass diets were more diverse than largemouth bass, 
containing 22 different prey categories whereas largemouth bass only consumed 11.  In 
August, phase-I shoal bass diets were diverse (17 items) containing mostly aquatic 
inverterbrates and had a lower percentage (31%) of empty stomachs, whereas phase-II 
shoal bass had low diversity (9 diet items), containing fewer aquatic invertebrates, and a 
high percentage of empty stomachs (45%).  Our results demonstrate how artificially cold 
tailwaters could affect early life stages of some of the native warmwater species that live 
in those environments. 
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Introduction 
 Shoal bass Micropterus cataractae are fluvial specialists, preferring rocky and 
shoal habitat (Williams and Burgess 1999).  Throughout most of their range, they have 
been impacted by impoundments, which have eliminated habitat, impeded movements, 
and altered water chemistry (Williams and Burgess 1999).  Information on the early life 
history of shoal bass is scarce, and little information exists on the effects of 
environmental variation on age-0 shoal bass.  Due to the release of hypolimnetic water 
through Buford Dam, the Chattahoochee River in the vicinity of Morgan Falls Dam 
impoundment and tailwater is unnaturally cold (Long and Martin 2008).  However, 
Below Morgan Falls Dam, urbanization of Atlanta, Georgia has caused water 
temperatures to warm, creating a transition zone capable of supporting coldwater and 
warmwater species (Georgia Power 2006).  In 2003, Georgia Department of Natural 
Resources and the National Park Service initiated a five year shoal bass stocking program 
at three locations below Morgan Falls Dam (Long and Martin 2008) to restore this 
extirpated warm water species.   
 Growth, and associated length, obtained during the first year is an important 
factor affecting recruitment of age-0 fish to the adult population (Goodgame and Miranda 
1993; Ludsin and DeVries 1997).  Fish able to obtain an initial size advantage during 
their first year often have a competitive advantage over smaller fish of the same cohort 
(Goodgame and Miranda 1993; Ludsin and DeVries 1997).  Larger juvenile fish have a 
larger gape size, which allows these fish to transition immediately to piscivory or target a 
wider range of prey sizes, whereas smaller fish may continue to feed on aquatic 
invertebrates instead of transitioning to larger prey items (Mesing et al. 2008).  
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Furthermore, larger juveniles may avoid predation and consequently experience lower 
mortality rates because they exceed predator gape limits (Santucci and Wahl 1993; 
Szendrey and Wahl 1996).  While assessing the conditions affecting recruitment of 
stocked shoal bass to the adult population in the Chattahoochee River (Chapter 2), I 
found that those fish stocked at larger sizes later in the season were more successful at 
recruiting to adulthood than fish stocked smaller and earlier.  However, data on the 
dynamics of juvenile shoal bass that might explain these results are limited.   
 Few studies have investigated the diets of juvenile shoal bass and none have 
occurred in the Chattahoochee River.  In the Chipola River, Florida, juvenile shoal bass 
consumed predominantly mayflies (Ephemeroptera; Wheeler and Allan 2003).  In 
comparison, related largemouth bass Micropterus salmoides have been studied 
extensively and often occur in sympatry with shoal bass.  Juvenile largemouth bass 
typically start with an invertebrate feeding stage where they eat mostly zooplankton and 
aquatic insects (Phillips et al. 1995; Long and Fisher 2000; Olson and Young 2003).  For 
both of these black bass species, as body size increases, the accompanying increase in 
gape size allows a diet switch from invertebrates to crayfish and fish (Scalet 1977; 
Schramm and Maceina 1986; Phillips et al. 1995; Long and Fisher 2000; Olson and 
Young 2003; Wheeler and Allen 2003).  This diet switch causes increased in growth 
rates, which can lead to higher survivorship rates (Goodgame and Miranda 1993; Sabo 
and Orth 1995; Ludsin and DeVries 1997).  
 Daily rings in fish otoliths can not only be used for calculating growth rates, 
which is useful for interpreting results from diet analyses, but also for estimating hatching 
date, which can affect juvenile fish mortality (Miller and Storck 1984; Graham and Orth 
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1987; Goodgame and Miranda 1993; Dicenzo and Bettoli 1995; Phillips et al. 1995).  
Although the timing of first-ring formation not been validated for shoal bass otoliths, 
Long et al. (2004) estimated spawning dates that closely corresponded to hatchery 
personnel’s estimated spawning date, which suggests that otolith growth rings are formed 
daily for this species.  Daily growth rings, including the timing of first-ring formation, 
have been validated in otoliths for other species of black bass including largemouth bass 
(Miller and Storck 1982; Isley and Noble 1987), smallmouth bass M. dolomieu (Graham 
and Orth 1987), and spotted bass M. punctulatus (DiCenzo and Bettoli 1995).  
 This study was undertaken using available electrofishing data on juvenile bass 
collected after stocking in the Chattahoochee River in 2004 to examine how introduced 
juvenile fish might have adapted to their environment; especially one that is marginal for 
warmwater fish due to coldwater releases from an upstream dam.  Coincidentally, the 
2004 year-class of shoal bass was most successful year class at recruiting to adulthood 
from the five-year stocking program (Chapter 2) and consisted of two stocking events 
that allow me to better understand the role of size and size-at-stocking on recruitment 
dynamics in this species.  Moreover, juvenile largemouth bass were collected at the same 
time and sites, and used for comparison with age, growth rates, and diet of juvenile shoal 
bass because a great deal of early-life history information exists for this species.   
Therefore, my objectives were to: 1) estimate age and growth of a stocked cohort of 
juvenile shoal bass and compare with native juvenile largemouth bass, 2) determine daily 
growth rates of hatchery-reared shoal bass following introduction into a cold tailwater, 
and 3) determine shoal bass diet in its stocked environment. 
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Study Site  
 The study area is located in the NPS Chattahoochee River National Recreation 
Area (CRNRA) in the Atlanta, Georgia metropolitan area.  The CRNRA manages several 
land units bordering the Chattahoochee River downstream of Morgan Falls Dam, 
including Cochran Shoals and Paces Mill (Figure 1).  The Chattahoochee River below 
Morgan Falls Dam is unnaturally cold due to the release of hypolimnetic water from 
upstream Buford Dam, but exhibits a longitudinal gradient in water temperature, being 
colder immediately downstream of Morgan Falls Dam and warming through the 
downstream reaches at Cochran Shoals and Paces Mill (Figure 2).  Despite this warming 
trend in the river, the water temperature regime in this reach of river remains marginal for 
warmwater black basses.   
 
Methods 
 I followed the 2004 cohort of juvenile shoal bass and largemouth bass at three 
sites in the Chattahoochee River (below Morgan Falls Dam, Cochran Shoals, and Paces 
Mill; Figure 1).  Approximately 40,000 shoal bass larvae were reared to phase-I 
fingerling size (~ 25 mm)in 0.4 ha earthen hatchery ponds at the Steve Cocke Fish 
Hatchery in Dawson, Georgia (approximately 240 km due south of Atlanta).  On May 4, 
2004 shoal bass were marked with oxytetracycline (OTC) and 30,000 fish were equitably 
divided and stocked in the river at each of three study sites.  The remaining 10,000 fish 
were reared for another 30 days at the hatchery to phase-II fingerling size (~60 mm), 
marked again with OTC, and equitably divided and stocked on June 9 at each of the three 
sites.   
 49 
 Juvenile (<150 mm) shoal bass and largemouth bass were sampled from the river 
with backpack electrofishing on 7 June 2004 (~30-d post first stocking and 2 days pre- 
second stocking) and 2 August 2004 (~30-d post second stocking) from the three 
stocking sites.  Captured fish were measured (mm, TL) and stored in 70% ethanol.  
Otoliths (sagittae) were removed from each fish, mounted concave side up with 
thermoplastic cement on individually numbered glass slides (Miller and Storck 1982), 
and polished with 600-grit wet/dry sandpaper until a flat plane from the center to the edge 
was obtained and the inner-most rings were clearly discernable.  Otoliths were viewed 
under oil with a compound microscope (40-100x) and rings counted in the area with 
maximum clarity from the nucleus to the posterior edge.   Each otolith was read 
independently in random order three times by a single individual and the average of these 
three counts was used for the age estimate. 
 Stomach contents from fish were removed, identified to the lowest taxonomic 
level possible (order or family for invertebrates, family or species for fish), and 
enumerated.  Percent occurrence (the percentage of stomachs in the sample containing a 
particular diet item) and percent composition (number of individuals of a given prey type 
divided by the total number of prey items counted from a given predator stomach) of prey 
items were calculated for each species on each sampling date (Bowen 1996).  
 Daily growth for shoal bass and largemouth bass was estimated based on total 
length at capture, daily age estimates from otoliths, and adjusted to a size of zero length 
at hatch.  Although daily ring formation for shoal bass is known (Long et al. 2004), the 
age at first ring formation is unknown, which is necessary to accurately estimate growth.  
Substituting this information from the closely related spotted bass (DiCenzo and Bettoli 
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1995), which forms its first ring at swim-up (4 days post-hatch), daily ring counts were 
adjusted by adding 4 days to estimate days since hatch.  Based on the total length at 
swim-up for shoal bass at 4.4 mm (Smitherman and Ramsey 1972), daily growth for 
shoal bass was calculated using the following equation (Phelps et al. 2008): 
 
 
 
Unlike the daily growth equation for shoal bass, the first daily ring for largemouth bass 
occurs at hatching and not at swim-up (Miller and Storck 1982; Isely and Noble 1987).  
However, similar to shoal bass, the total length was adjusted by the size at swim-up of 
largemouth bass at 5.0 mm (Miller and Storck 1982).  Therefore, daily growth of 
largemouth bass was calculated using the following formula:  
 
 
 
 Otoliths were inspected for the presence and location of OTC marks: 0 marks for 
wild fish, 1 for Phase I fingerlings, or 2 marks for Phase II fingerlings.  To determine the 
effect of stocking on shoal bass growth, the distance associated with ten daily increments 
before and after the OTC mark was measured and compared between stocking events.  
To assess the effects of water temperature on growth of shoal bass following stocking, 
data was obtained from the two United States Geological Survey (USGS) stream 
monitoring gages in the study reach: upstream station 02335810 at Morgan Falls Dam 
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and downstream station 02336000 at Atlanta, Georgia (~1.6 km from Paces Mill).  
Differences in mean length and mean daily growth were calculated between species, 
among sites, and between stocking dates using analysis of variance (ANOVA) followed 
by a Tukey multiple comparison test.  To evaluate differences in shoal bass growth rates 
pre- and post-stocking, mean otolith increment length during a 10-day period before and 
after the OTC mark (i.e., day of stocking) was tested using ANOVA followed by a Tukey 
multiple comparison test. 
 
Results 
 In 2004, a total of 256 juvenile shoal bass were collected at three sites on the 
Chattahoochee River, Georgia.  In June, 154 juvenile shoal bass were collected, and in 
August, 102 were collected.  In June, shoal bass abundance was highest at Morgan Falls 
Dam (154 shoal bass/hour), followed by Paces Mill and Cochran Shoals (124 and 50 
shoal bass/hour, respectively; Figure 3).  However, during August sampling, shoal bass 
abundance was highest at Paces Mills (94 shoal bass/hour), followed by Cochran Shoal 
and Morgan Falls Dam (62 and 48 shoal bass/hour, respectively; Figure 3).  Of the 256 
fish collected in June and August, otoliths were removed from 177 shoal bass for age, 
growth, and OTC analysis.  Inspection of shoal bass otoliths for OTC marks revealed that 
100% of the fish collected in June and August were stocked.   
 Largemouth bass were much less abundant than shoal bass (Figure 3 and 4).  A 
total of 32 largemouth bass were collected in 2004 from the same dates and sites that 
juvenile shoal bass were collected.  Largemouth bass abundance in June was highest at 
Paces Mill (16 largemouth bass/hour) followed by Cochran Shoals (8 largemouth 
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bass/hour; Figure 4).  No largemouth bass were captured at Morgan Falls Dam on 7 June.  
In August, largemouth bass abundance was highest at Paces Mill (22 largemouth 
bass/hour) followed by Morgan Falls Dam and Cochran Shoals (10 and 8 largemouth 
bass/hour, respectively; Figure 4).      
 Age estimates were larger for fish captured further from Morgan Falls Dam.  
Based on evidence from OTC marks made on a known date, age estimates from fish 
captured at sites closer to the dam were underestimated.  For fish stocked on 4 May and 
sampled 7 June, shoal bass were at-liberty for 35 days, but average daily ring counts post-
OTC mark were 28, 29, and 33 days at Morgan Falls Dam, Cochran Shoals, and Paces 
Mill, respectively (Table 1).  This translates to underestimates of 6, 5, and 1 days, on 
average, from the known daily age of 35.  For shoal bass stocked on 9 June, which had 
two OTC marks, and sampled 2 August, mean daily age estimates post-second OTC mark 
were 37, 27, and 41 at Morgan Falls Dam, Cochran Shoals, and Paces Mill, respectively 
after 54 days of liberty (Table 1).  These estimates were biased by 17, 27, and 13 days, on 
average, from the known age of 54.   
 Similar to shoal bass, largemouth bass age estimates increased with distance from 
Morgan Falls Dam.  Largemouth bass daily ring count averages from the June sample 
were 47 (Cochran Shoals) and 49 (Paces Mill) days, and 84, 88, and 87 days (Morgan 
Falls Dam, Cochran Shoals, and Paces Mill, respectively) from the August sample (Table 
1).  
 Shoal bass collected in June consisted solely of phase-I fish and differences in 
size among sites were apparent.  Shoal bass collected below Morgan Falls Dam averaged 
44 mm TL, which was shorter than fish at Cochran Shoals (mean = 52 mm TL), and at 
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Paces Mill (mean = 53 mm TL; F2,10= 9.33, P<0.01; Figure 5).  In August, phase-I shoal 
bass averaged 56, 73, and 76 mm TL and phase-II fish averaged 86, 83, and 93 mm TL at 
Morgan Falls Dam, Cochran Shoals, and Paces Mill, respectively (F5,69= 10.81, P<0.01).     
 Largemouth bass exhibited a pattern in mean length among sites and month 
similar to shoal bass, but differences in mean length among sampling sites were not 
significant (Figure 6).  No largemouth bass were collected below Morgan Falls Dam in 
June. 
 Similar to length, mean daily growth rates for shoal bass was location-specific.  
Mean daily growth rates of shoal bass in the hatchery averaged 0.81 mm/day before 
stocking in May and 0.91mm/day before stocking in June (Figure 7).  Because age 
estimates of fish in the river were biased, shoal bass growth rates in the river were 
calculated based on the number of days at-liberty in the river (35 days from first stocking 
to capture and 54 days from second stocking to capture) instead of estimated daily age 
from otoliths.  Mean daily growth rates for phase-I shoal bass during the first 35 days and 
98 days in the river were least below Morgan Falls Dam (0.59 mm/day and 0.41 mm/day) 
compared to Cochran Shoals (0.73 mm/day and 0.55 mm/day) and Paces Mill (0.75 
mm/day and 0.58 mm/day; F5,173= 48.01, P<0.01).  Phase-II shoal bass collected 54 days 
following the second stocking followed a similar trend as phase-I shoal bass where 
growth was slowest at Morgan Falls Dam (0.66 mm/day) followed by Cochran Shoals 
(0.67 mm/day) and Paces Mill (0.73 mm/day), however growth differences were not 
significant (F2,14= 0.93, P>0.05) between Morgan Falls Dam and the downstream sites at 
Cochran Shoals and Paces Mill.  Comparable to shoal bass, largemouth bass mean daily 
growth estimates increased with distance from Morgan Falls Dam.  Unlike shoal bass 
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though, daily growth rates for largemouth bass in the river, which were wild and not 
marked with OTC, were based on raw age estimates.  Mean daily growth rates for 
largemouth bass collected on 7 June were 0.76 (Cochran Shoals) and 0.82 (Paces Mill) 
mm/day, and on 2 August were 0.59, 0.65, and 0.68 mm/day (Morgan Falls Dam, 
Cochran Shoals, and Paces Mill, respectively; Figure 8).   
 A noticeable constriction in daily rings on stocked shoal bass otoliths occurred at 
32 and 66 days of age on average for phase-I and phase-II fish, respectively, 
corresponding to reduced growth in the days following stocking (Figure 9).  Mean daily 
ring increment width for the 10 days prior to stocking were 0.33 mm, which was 
approximately 40% greater than the mean daily ring increment width post-stocking of 
0.19 mm (F4,105=317.4, P<0.01; Table 2). 
 In June and August, phase-I stocked shoal bass had a high diversity of prey items 
in the guts (17 in each month) (Table 3).  Phase-I stocked shoal bass consumed mostly 
invertebrate prey items, however, in August, phase-I shoal bass consumed more fish 
(19% frequency of occurrence, compared to 2% in June).  Most shoal bass in June had 
diet items in the gut (92%), however in August 31% of phase-I shoal bass guts were 
empty.  In June, percent composition of phase-I shoal bass diets were dominated by 
Simuliidae larvae (53%), followed by Ephemeroptera nymphs (27%) and Chironomidae 
larvae (15%); all other diet items contributed <5%.  In August, phase-I shoal bass diets 
often contained Ephemeroptera nymphs (81% frequency of occurrence) and, they 
dominated the composition (63%).  Simuliidae larvae also contributed greatly to shoal 
bass diets, occurring in 13% of the diets and making up 26% of the composition.  All 
other diet items contributed <11% by percent composition.   
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 Differences in diet between the two cohorts of stocked shoal bass were also 
evident.  From sampling conducted in August, when the two cohorts were similar in age 
but varied in size, the cohort that was stocked in May consumed more insects than the 
cohort that was stocked in June.  Of the phase-II shoal bass collected in August, only  
20% (4 of 20) contained more than one individual insect prey item, whereas 30% (6 of 
20) had only 1 insect prey item in their guts.  Also, phase-I shoal bass had a high 
diversity of prey items in the guts (17), whereas phase-II fish had only 9 different diet 
items in the guts.  Although phase-I shoal bass consumed a higher frequency of fish 
(19%) in August, phase-II shoal bass had a much higher incidence of empty stomachs (9 
of 20; 45%).   
 In June and August, largemouth bass had a low diversity of prey items in the guts 
(7 taxa found in June and 8 in August; Table 3).  Largemouth bass consumed primarily 
invertebrate prey items, feeding on mostly aquatic invertebrates in June and switching to 
terrestrial invertebrates in August.  Most fish contained prey items in the gut; only 2 out 
of 13 in June and 3 out of 20 in August were empty.  In June 2004, percent composition 
of largemouth bass diets were dominated by Ephemeroptera nymphs (87%), followed by 
Chironomidae larvae (4%), amphipods (2.5%) and fish (2.5%; Table 5).  All other diet 
items contributed <4% by percent composition.  Interestingly, Collembola occurred in 
only 12% of largemouth bass diets, but were heavily used by the fish that ate them and 
made up 87% of composition (Table 3).  Other diets items that contributed greatly to diet 
composition were Ephemeroptera nymphs (7%) and Hemiptera (3%).  All other diet 
items contributed <3% by percent composition.  The most commonly encountered diet 
items among largemouth bass individuals were Ephemeroptera nymphs, most often found 
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in largemouth bass stomachs in August (47%), followed by Hemiptera (29%), fish (18%) 
and unidentified insects (18%).  
 
Discussion  
Differences in juvenile black bass age, growth, and prey use varied according to 
stocking date and location in the river, concomitant with temperature differences.   
Although the optimal temperature for shoal bass growth is unknown, a range of 25-30˚C 
has been shown to be maximal for juvenile largemouth bass and smallmouth bass 
(Coutant and DeAngelis 1983) and this seems a logical values for a southern fish species 
like shoal bass.  Taking fish from a 23
o
C warm-water hatchery in May and stocking them 
in the 15
o
C cold-water tailrace of the Chattahoochee River in June apparently caused 
rapid decreased growth rates, which only became exacerbated over time.  However, fish 
stocked later in the year had similar growth rates at all three stocking sites, suggesting 
that these larger fish were better able to acclimate to the temperature difference.  Whether 
fish size or differences in water temperature played the most important role is unknown 
because in June, when larger fish were stocked, water temperatures between hatchery 
ponds and the river were more similar (~3
o
C difference, from 24
o
C to 21
o
C).   
The temperature-mediated effects on shoal bass life history also affected my 
ability to accurately estimate some parameters.  In particular, daily-age estimates of shoal 
bass collected from the Chattahoochee River below Morgan Falls Dam underestimated 
the actual age of fish post-stocking.  Daily otolith increments in this study became 
constricted and difficult to discern, causing the underestimation of daily-age estimates.  
The rate of underestimation was most severe near Morgan Falls Dam fish and followed a 
 57 
longitudinal trend with water temperature.  The artificially cold water temperatures in the 
Chattahoochee River below Morgan Falls Dam appeared to shorten the growing season, 
causing decreased otolith growth and constriction of daily otolith increments.  Otolith 
growth slows or ceases in colder water temperatures (Taubert and Coble 1977).  When 
otolith growth slows, typically at the end of the growing season (Taubert and Tranquilli 
1982), daily increments become compressed, making age estimation impossible because 
daily rings cannot be counted accurately (Isely and Noble 1987; DiCenzo and Bettoli 
1995).  Because of this growth pattern, age estimates for juvenile fish that could be 
accurately determined from otoliths varied depending on location.  Miller and Storck 
(1982) were able to accurately age largemouth bass to 100 days in a laboratory setting, 
however, largemouth bass in Texas were accurately aged to 152, which was affected by 
growth rates (Isley and Noble 1987).  In a small Tennessee pond, reduced growth rates 
caused compression of daily growth rings in otoliths of spotted bass, leading to 
underestimation of ages beyond 94 days.  Without the presence of an OTC mark, which 
was used to correct underestimated shoal bass ages in this study, the age estimates would 
have been unreliable.  Because largemouth bass were native to the river, and had no OTC 
mark to verify age, their ages may also be underestimated and should be interpreted with 
caution.  
Differences in fish growth as a function of temperature differences between the 
hatchery ponds and the Chattahoochee River influenced the daily increment width and 
the contrast between opaque and translucent zones in juvenile shoal bass otoliths 
following stocking, creating a natural mark.  Natural marks corresponded to OTC marks 
and stocking dates.  Previous studies have demonstrated the creation of natural marks in 
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hard parts of fish.  Humphreys et al. (1990) recognized a growth check on scales of 
hatchery reared striped bass Morone saxatilis, which showed widely spaced daily rings 
corresponding to rapid growth in the hatchery and narrowly spaced increments after 
handling, tagging, and stocking into a new environment.  Similarly, Paragamian et al. 
(1992) documented distinct stress check formation on otoliths of hatchery reared age-0 
kokanee Onchorynchus nerka when fish were stocked from a warm, productive hatchery 
environment into a cold, food-limited natural environment.  Hayes (1995) used otolith 
daily-growth patterns to differentiate between stream- and lake-spawned rainbow trout 
Onchorynchus mykiss.  In this Great Lakes system, fish born in cold tributary streams 
exhibited narrow growth increments, followed by wide increments after emigration to the 
warmer lake.  Fish born in the lake had wide increments across the entire otolith.   
The effect of water temperature on growth of young-of-year shoal bass in the 
Chattahoochee River below MFD was obvious.  Growth rates were greatest in the 
hatchery when water temperatures ranged from 24.4-27.8 ˚C.   These growth rates were 
similar to those calculated by Long et al. (2004) (0.85 mm/day) for shoal bass in the same 
hatchery in 2003.  Although depressed following stocking into the Chattahoochee River, 
shoal bass growth rates were comparable to rates estimated for shoal bass in hatchery 
ponds in Alabama (0.63 and 0.77 mm/day, calculated using data from Smitherman and 
Ramsey 1972).  Conversely, shoal bass growth rates from the Chattahoochee River were 
considerably lower than those estimated for shoal bass collected from the Flint River, 
Georgia (range 0.89-1.07 mm/day; Goclowski 2010).  Comparatively, largemouth bass, 
which were resident to the Chattahoochee River and not stocked, exhibited growth rates 
between 0.59 and 0.82 mm/day, which is consistent with growth rates measured for this 
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species and temperature range (Coutant and DeAngelis 1983) but less than growth rates 
(0.82-0.95 mm/day) estimated for largemouth bass in the Flint River, Georgia 
(Goclowski 2010).  However, because age estimates (upon which growth rates are 
dependent) were likely biased, these estimates for largemouth bass growth rates were also 
likely biased in an upward manner.   
Because shoal bass stocked at phase-II size grew faster in the hatchery than 
phase-I size fish in the river during the same time period, they were larger overall and 
this difference in size may have improved survival of phase-II fish, which dominated 
future adult cohorts (see Chapter 2).  Previous studies have found that body size attained 
during the first year is an important factor in determining survival and recruitment of age-
0 fish to the adult population (Horning and Pearson 1973; Venables et al. 1978; Coutant 
and DeAngelis 1983; Sabo and Orth 1995; Tidwell et al. 2003).  Larger shoal bass might 
have been at a competitive advantage over the smaller phase-I individuals of the same 
age, and transitioning to piscivory sooner and allowing a wider range of prey sizes to be 
ingested, ultimately increasing foraging success.  Larger phase-II shoal bass fed on very 
few aquatic insects, and had a high number of empty stomachs, which is indicative of fish 
that have transitioned to piscivory (Chapman et al. 1989; Beaudoin et al. 1999; Arrington 
et al. 2002; Paradis et al. 2008).  Smaller phase-I fish continued to feed on higher 
numbers of aquatic invertebrates over a prolonged period, which may have resulted in 
slower growth that hampered their ability to transition to larger prey items (Mesing et al. 
2008).  Larger juveniles likely had better foraging opportunities and may also have been 
better able to avoid predation and experience lower mortality rates because they exceeded 
predator gape limits (Santucci and Wahl 1993; Szendrey and Wahl 1996). 
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The diet data used in this study was limited because it only represents prey items 
consumed on two days during summer 2004.  However, these results are unique in that 
they document how a reintroduced species acclimated to feeding in sub-optimal 
surroundings (i.e., cold water releases), and it is the first description of diet for juvenile 
shoal bass in the Chattahoochee River, Georgia.  These results also highlight the diversity 
of prey items used by juvenile shoal bass, something that has not been reported 
previously in the literature.     
These results demonstrate how stocking fish in marginal environments could 
affect their growth.  Moreover, it demonstrates problems associated with age estimations 
from these environments, which could bias calculations that require age estimates such as 
growth and mortality.  Because our fish were marked with OTC, I could directly measure 
the effect of reduced growth on age estimates.  However, in natural environments, further 
research is needed to ensure that age estimates are accurate.   
 The cohort of stocked shoal bass studied in this research, particularly those 
stocked at phase-II size, dominated the adult sample of fish collected from 2007-2011 
(chapter 2).  Some aspect of early life history or set of environmental variables was 
optimal in 2004, however, it is unclear exactly what mechanisms led to the success of this 
year class.  Additional research on juvenile shoal bass foraging, predator avoidance, and 
linkages between environmental variation and recruitment are needed to understand 
recruitment success of shoal bass in the Chattahoochee River, below Morgan Falls Dam. 
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Table 1: Mean age estimates of shoal bass and largemouth bass collected from the Chattahoochee River, Georgia 
during June and August 2004. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cohort Morgan Falls Dam Cochran Shoals Paces Mill 
 
N 
(effort) 
Mean 
age 
(CV) 
Mean 
post-
stocking 
age 
N 
(effort) 
Mean 
age 
(CV) 
Mean 
post-
stocking 
age 
N 
(effort) 
Mean 
age 
(CV) 
Mean 
post-
stocking 
age 
Phase-
I   
June 
21 62(6.1) 28 21 60(10.2) 29 60 64(7.5) 33 
Phase-
I 
August 
8 97(3.7) 64 21 92(3.6) 58 29 98(4.3) 65 
Phase-
II 
August 
3 103(3.4) 37 6 93(6.4) 27 8 107(1.6) 41 
LMB  
June 
0 NA NA 4 47(3.6) NA 8 49(3.1) NA 
LMB  
August 
5 84(4.1) NA 4 88(4.6) NA 11 87(3.1) NA 
 68 
Table 2: Mean otolith increment measurements of shoal bass collected from the Chattahoochee River, Georgia during 
June and August 2004. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cohort Morgan Falls Dam Cochran Shoals Paces Mill 
 
N 
(effort) 
Mean 
pre-
stocking 
increment 
(SD) 
Mean 
post-
stocking 
age 
(SD) 
N 
(effort) 
Mean 
pre-
stocking 
increment 
(SD) 
Mean 
post-
stocking 
age 
(SD) 
N 
(effort) 
Mean 
pre-
stocking 
increment 
(SD) 
Mean 
post-
stocking 
age 
(SD) 
Phase-
I   
June 
21 
0.26 
(0.03) 
0.15 
(0.02) 
20 
0.32 
(0.09) 
0.17 
(0.06) 
60 
0.26 
(0.04) 
0.17 
(0.03) 
Phase-
II 
August 
3 
0.37 
(0.20) 
0.19 
(0.09) 
6 
0.41 
(0.13) 
0.20 
(0.06) 
8 
0.26 
(0.09) 
0.17 
(0.04) 
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Table 3: Mean percent composition by number and frequency of occurrence of prey items in the stomachs of age-0 
shoal bass and largemouth bass in June and August 2004, from the Chattahoochee River, Georgia.  Number before 
parentheses represents the number of stomach an item occurred.  Number within the parentheses represents the mean 
frequency of occurrence. 
 
 Shoal Bass Largemouth Bass 
  
June 2004 Phase I  
(n=139) August 2004 Phase I (n=48) 
August 2004 Phase II (n=20) June 2004  
(n=11) 
August 2004  
(n=17) 
Prey Item 
Percent 
occurrence 
Percent 
composition 
Percent 
occurrence 
Percent 
composition 
Percent 
occurrence 
Percent 
composition 
Percent 
occurrence 
Percent 
composition 
Percent 
occurrence 
Percent 
composition 
Amphipoda 4(2.88) 0.30 2(4.17) 0.68 NA NA 1(9.09) 2.52 NA NA 
Arachnida 1(0.72) 0.04 NA NA NA NA NA NA 2(11.76) 0.67 
Chironomidae 50(35.97) 14.84 2(4.17) 0.68 NA NA 2(18.18) 4.42 2(11.76) 0.67 
Chydorida 1(0.72) 0.09 NA NA NA NA NA NA NA NA 
Coleoptera NA NA 1(2.08) 0.23 NA NA NA NA NA NA 
Collembola NA NA NA NA NA NA NA NA 2(11.76) 86.92 
Crayfish 2(1.44) 0.09 NA NA NA NA NA NA NA NA 
Diaphanosoma 3(2.16) 0.48 NA NA NA NA NA NA NA NA 
Ephemeroptera 84(60.43) 27.15 39(81.25) 63.47 7(35.00) 53.13 8(72.73) 87.39 8(47.06) 7.10 
Fish 3(2.16) 0.13 9(18.75) 2.05 1(5.00) 3.13 2(18.18) 2.52 3(17.65) 0.89 
Gastropoda NA NA 1(2.08) 0.23 NA NA NA NA NA NA 
Hemiptera 2(1.44) 0.09 NA NA NA NA NA NA 5(29.41) 2.88 
Hydracarina 2(1.44) 0.09 NA NA NA NA NA NA NA NA 
Isopoda 11(7.91) 0.74 3(6.25) 0.68 1(5.00) 3.13 NA NA NA NA 
Odonata 3(2.16) 0.13 1(2.08) 0.23 NA NA NA NA NA NA 
Oligochaeta NA NA 1(2.08) 0.23 NA NA NA NA NA NA 
Orthoptera NA NA 1(2.08) 0.23 NA NA NA NA NA NA 
Palaemonidae NA NA 2(4.17) 0.46 1(5.00) 3.13 NA NA NA NA 
Plecoptera 5(3.60) 0.22 2(4.17) 0.46 1(5.00) 3.13 NA NA 1(5.88) 0.22 
Simuliidae 67(48.20) 53.09 9(13.24) 25.57 1(5.00) 15.63 1(9.09) 0.84 NA NA 
Tipulidae NA NA 1(2.08) 2.51 NA NA NA NA NA NA 
Trichoptera 15(10.97) 1.09 4(8.33) 0.91 3(15.00) 12.50 1(9.09) 0.84 NA NA 
UID dipteran 19(6.47) 0.78 2(4.17) 0.46 1(5.00) 3.13 NA NA NA NA 
UID insect 15(10.79) 0.65 4(8.33) 0.91 1(5.00) 3.13 1(9.09) 1.68 3(17.65) 0.67 
Total   100   100   100  100  100 
N  17  17  9  7  8 
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Figure 1: Map of Apalachicola River basin and the upper Chattahoochee River noting the 
three locations where juvenile shoal bass were stocked as part of a restoration program 
that occurred from 2003 to 2007.
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Figure 2: Longitudinal gradients in temperature present in the Chattahoochee River, 
Georgia downstream of Morgan Falls Dam (MFD).  The Atlanta stream gage is located 
approximately 1.6 km downstream of MFD.  Stars indicate the hatchery water 
temperature on the day of stocking.
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Figure 3: Relative abundance (number of fish/hour electrofishing) of shoal bass collected 
in June and August 2004 from three sites below Morgan Falls Dam on the Chattahoochee 
River, Georgia.
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Figure 4: Relative abundance (number of fish/hour electrofishing) of largemouth bass 
collected in June and August 2004 from three sites below Morgan Falls Dam on the 
Chattahoochee River, Georgia.
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Figure 5: Mean total lengths of shoal bass collected in June and August 2004 from three 
sites below Morgan Falls Dam on the Chattahoochee River, Georgia.  Error bars 
represent standard error about the mean.
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Figure 6: Mean total lengths of largemouth bass collected in June and August 2004 from 
three sites below Morgan Falls Dam on the Chattahoochee River, Georgia.  Error bars 
represent standard error about the mean.
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Figure 7: Growth rates estimated for shoal bass (corrected for age estimation bias), 
collected from three sites on the Chattahoochee River, Georgia below Morgan Falls Dam 
during June and August 2004.  The solid line represents hatchery growth pre-first 
stocking, and the dashed line represents hatchery growth pre-second stocking.  Phase I 
fish were stocked in May and Phase II fish were stocked in June.  Error bars represent 
standard error about the mean.
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Figure 8: Growth rates estimated from juvenile largemouth bass collected from three sites 
on the Chattahoochee River, Georgia below Morgan Falls Dam during June and August 
2004.  Error bars represent standard error about the mean.
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Figure 9: Juvenile shoal bass otolith depicting 10 growth increments before (hatchery 
growth) and after (river growth) the oxytetracyline mark collected from the 
Chattahoochee River, Georgia in June 2004.
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Appendix 2. Size, age, growth, and stocking cohort (based on number of OTC marks) for 
juvenile shoal bass captured during June and August 2004 with backpack electrofishing 
from the Chattahoochee River, Georgia. 
Date Site 
Fish 
ID 
OTC 
TL 
(mm) 
Age 
Pre-
mark 
Age 
Post-
mark 
Final 
Age 
Days 
in 
River 
Corrected 
Age 
Corrected
Growth 
6/7/04 MFD 3 1 48 35 26 61 34 69 0.63 
6/7/04 MFD 4 1 41 33 26 59 34 67 0.55 
6/7/04 MFD 5 1 42 33 28 61 34 67 0.56 
6/7/04 MFD 6 1 43 35 26 61 34 69 0.56 
6/7/04 MFD 7 1 48 34 28 62 34 68 0.64 
6/7/04 MFD 8 1 47 34 29 63 34 68 0.63 
6/7/04 MFD 9 1 45 34 27 62 34 68 0.59 
6/7/04 MFD 10 1 40 30 29 59 34 64 0.55 
6/7/04 MFD 12 1 47 33 29 62 34 67 0.63 
6/7/04 MFD 13 1 42 33 28 62 34 67 0.56 
6/7/04 MFD 14 1 46 34 29 63 34 68 0.61 
6/7/04 MFD 15 1 50 33 28 62 34 67 0.68 
6/7/04 MFD 16 1 43 35 28 62 34 69 0.56 
6/7/04 MFD 17 1 40 30 30 59 34 64 0.56 
6/7/04 MFD 18 1 45 35 29 64 34 69 0.59 
6/7/04 MFD 19 1 51 34 31 64 34 68 0.69 
6/7/04 MFD 20 1 39 34 29 63 34 68 0.51 
6/7/04 MFD 21 1 43 36 29 65 34 70 0.55 
6/7/04 MFD 23 1 38 33 30 64 34 67 0.50 
6/7/04 MFD 24 1 45 34 29 63 34 68 0.60 
6/7/04 MFD 25 1 45 32 27 60 34 66 0.61 
6/7/04 CS 2 1 50 33 29 62 34 67 0.68 
6/7/04 CS 3 1 56 33 27 60 34 67 0.77 
6/7/04 CS 4 1 57 35 28 63 34 69 0.77 
6/7/04 CS 5 1 47 30 28 57 34 64 0.67 
6/7/04 CS 6 1 62 34 26 60 34 68 0.84 
6/7/04 CS 7 1 67 34 29 63 34 68 0.92 
6/7/04 CS 9 1 59 31 29 58 34 65 0.84 
6/7/04 CS 11 1 52 30 28 57 34 64 0.75 
6/7/04 CS 12 1 45 29 24 53 34 63 0.65 
6/7/04 CS 13 1 49 29 28 57 34 63 0.71 
6/7/04 CS 14 1 54 35 27 63 34 69 0.72 
6/7/04 CS 15 1 58 33 30 63 34 67 0.80 
6/7/04 CS 16 1 41 30 30 60 34 64 0.57 
6/7/04 CS 17 1 55 34 31 65 34 68 0.74 
6/7/04 CS 18 1 51 32 31 62 34 66 0.71 
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6/7/04 CS 20 1 56 33 28 61 34 67 0.77 
6/7/04 CS 21 1 50 33 29 61 34 67 0.68 
6/7/04 CS 22 1 53 32 30 62 34 66 0.74 
6/7/04 CS 23 1 46 32 30 61 34 66 0.63 
6/7/04 CS 24 1 54 32 30 62 34 66 0.75 
6/7/04 CS 25 1 47 30 29 60 34 64 0.66 
6/7/04 PM 1 1 51 32 33 64 34 66 0.71 
6/7/04 PM 2 1 58 34 34 68 34 68 0.79 
6/7/04 PM 3 1 56 31 34 65 34 65 0.79 
6/7/04 PM 4 1 57 30 33 63 34 64 0.82 
6/7/04 PM 5 1 61 34 33 67 34 68 0.83 
6/7/04 PM 6 1 61 30 34 64 34 64 0.88 
6/7/04 PM 7 1 48 31 32 62 34 65 0.67 
6/7/04 PM 8 1 67 34 32 66 34 68 0.93 
6/7/04 PM 9 1 61 34 31 66 34 68 0.83 
6/7/04 PM 10 1 61 32 32 64 34 66 0.86 
6/7/04 PM 11 1 52 30 33 63 34 64 0.74 
6/7/04 PM 12 1 53 35 31 65 34 69 0.71 
6/7/04 PM 13 1 63 34 35 69 34 68 0.86 
6/7/04 PM 14 1 54 32 31 63 34 66 0.75 
6/7/04 PM 15 1 57 31 33 64 34 65 0.81 
6/7/04 PM 16 1 54 33 32 65 34 67 0.74 
6/7/04 PM 17 1 50 31 33 63 34 65 0.71 
6/7/04 PM 18 1 67 32 33 66 34 66 0.94 
6/7/04 PM 20 1 45 30 33 64 34 64 0.63 
6/7/04 PM 21 1 63 33 35 68 34 67 0.88 
6/7/04 PM 22 1 66 33 35 67 34 67 0.93 
6/7/04 PM 23 1 50 30 34 64 34 64 0.71 
6/7/04 PM 24 1 57 32 34 66 34 66 0.80 
6/7/04 PM 25 1 61 33 33 66 34 67 0.85 
6/7/04 PM 26 1 58 33 32 65 34 67 0.80 
6/7/04 PM 27 1 50 29 32 61 34 63 0.72 
6/7/04 PM 28 1 56 33 32 65 34 67 0.77 
6/7/04 PM 29 1 62 32 34 66 34 66 0.88 
6/7/04 PM 30 1 51 31 32 63 34 65 0.72 
6/7/04 PM 31 1 45 28 32 59 34 62 0.66 
6/7/04 PM 32 1 42 30 30 60 34 64 0.59 
6/7/04 PM 33 1 43 31 34 65 34 65 0.59 
6/7/04 PM 34 1 52 29 32 61 34 63 0.76 
6/7/04 PM 35 1 54 30 32 62 34 64 0.77 
6/7/04 PM 36 1 43 30 33 62 34 64 0.61 
6/7/04 PM 37 1 51 30 34 64 34 64 0.73 
6/7/04 PM 38 1 48 33 32 65 34 67 0.65 
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6/7/04 PM 39 1 50 34 33 67 34 68 0.67 
6/7/04 PM 40 1 48 30 31 61 34 64 0.68 
6/7/04 PM 41 1 49 31 32 63 34 65 0.69 
6/7/04 PM 42 1 43 31 33 64 34 65 0.59 
6/7/04 PM 43 1 61 32 34 65 34 66 0.86 
6/7/04 PM 44 1 48 30 32 62 34 64 0.68 
6/7/04 PM 45 1 58 29 33 62 34 63 0.85 
6/7/04 PM 46 1 53 31 32 63 34 65 0.75 
6/7/04 PM 47 1 44 29 32 61 34 63 0.63 
6/7/04 PM 48 1 46 31 32 63 34 65 0.64 
6/7/04 PM 49 1 49 31 31 61 34 65 0.69 
6/7/04 PM 51 1 50 32 31 63 34 66 0.69 
6/7/04 PM 52 1 61 35 34 69 34 69 0.82 
6/7/04 PM 53 1 48 30 32 62 34 64 0.68 
6/7/04 PM 54 1 59 32 34 65 34 66 0.83 
6/7/04 PM 55 1 58 31 33 64 34 65 0.82 
6/7/04 PM 56 1 51 34 34 67 34 68 0.69 
6/7/04 PM 57 1 41 32 33 65 34 66 0.55 
6/7/04 PM 58 1 58 33 33 66 34 67 0.80 
6/7/04 PM 59 1 58 33 30 64 34 67 0.80 
6/7/04 PM 60 1 44 30 32 62 34 64 0.62 
6/7/04 PM 61 1 50 34 32 66 34 68 0.67 
6/7/04 PM 62 1 44 29 32 62 34 63 0.63 
8/2/04 MFD 1 1 58 34 66 100 91 125 0.43 
8/2/04 MFD 4 1 61 34 65 98 91 125 0.45 
8/2/04 MFD 6 1 52 32 62 93 91 123 0.39 
8/2/04 MFD 7 1 53 31 58 89 91 122 0.40 
8/2/04 MFD 9 1 54 33 68 101 91 124 0.40 
8/2/04 MFD 10 1 55 34 65 99 91 125 0.40 
8/2/04 MFD 11 1 55 35 62 97 91 126 0.40 
8/2/04 MFD 12B 1 59 35 66 101 91 126 0.43 
8/2/04 CS 1 1 68 36 57 93 91 127 0.50 
8/2/04 CS 2 1 70 31 65 96 91 122 0.54 
8/2/04 CS 6 1 79 37 54 91 91 128 0.58 
8/2/04 CS 8 1 65 35 53 88 91 126 0.48 
8/2/04 CS 9 1 72 32 70 102 91 123 0.55 
8/2/04 CS 10 1 75 36 58 94 91 127 0.56 
8/2/04 CS 11 1 73 32 62 94 91 123 0.56 
8/2/04 CS 13 1 73 36 54 90 91 127 0.54 
8/2/04 CS 14 1 69 35 61 95 91 126 0.51 
8/2/04 CS 15 1 79 36 62 98 91 127 0.59 
8/2/04 CS 18 1 64 33 52 85 91 124 0.48 
8/2/04 CS 19 1 70 37 53 89 91 128 0.51 
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8/2/04 CS 21 1 82 35 63 98 91 126 0.62 
8/2/04 CS 22 1 77 35 56 91 91 126 0.58 
8/2/04 CS 23 1 75 34 61 95 91 125 0.56 
8/2/04 CS 24 1 62 31 64 95 91 122 0.47 
8/2/04 CS 26 1 80 34 57 91 91 125 0.60 
8/2/04 CS 27 1 78 32 57 89 91 123 0.60 
8/2/04 CS 29 1 80 34 59 93 91 125 0.60 
8/2/04 CS 30 1 68 32 59 91 91 123 0.52 
8/2/04 CS 32 1 71 33 54 87 91 124 0.54 
8/2/04 PM 1 1 91 35 68 102 91 126 0.69 
8/2/04 PM 2 1 82 33 66 99 91 124 0.63 
8/2/04 PM 3 1 76 34 73 107 91 125 0.58 
8/2/04 PM 5 1 94 34 67 101 91 125 0.72 
8/2/04 PM 6 1 100 36 72 108 91 127 0.75 
8/2/04 PM 8 1 97 33 72 105 91 124 0.75 
8/2/04 PM 9 1 68 32 63 95 91 123 0.52 
8/2/04 PM 10 1 100 34 83 116 91 125 0.77 
8/2/04 PM 13 1 88 32 69 100 91 123 0.68 
8/2/04 PM 14 1 74 31 69 100 91 122 0.57 
8/2/04 PM 15 1 105 31 74 105 91 122 0.83 
8/2/04 PM 17 1 65 32 61 93 91 123 0.49 
8/2/04 PM 19 1 71 31 67 98 91 122 0.55 
8/2/04 PM 20 1 57 32 67 99 91 123 0.43 
8/2/04 PM 22 1 90 35 62 96 91 126 0.68 
8/2/04 PM 23 1 79 36 70 105 91 127 0.59 
8/2/04 PM 25 1 79 35 61 95 91 126 0.59 
8/2/04 PM 27 1 64 32 61 93 91 123 0.49 
8/2/04 PM 28 1 75 29 62 91 91 120 0.59 
8/2/04 PM 29 1 83 35 66 101 91 126 0.63 
8/2/04 PM 31 1 59 34 63 96 91 125 0.44 
8/2/04 PM 36 1 68 34 60 94 91 125 0.51 
8/2/04 PM 37 1 69 32 63 95 91 123 0.53 
8/2/04 PM 40 1 68 32 61 93 91 123 0.52 
8/2/04 PM 41 1 58 31 53 83 91 122 0.44 
8/2/04 PM 42 1 66 36 59 95 91 127 0.49 
8/2/04 PM 43 1 54 29 63 92 91 120 0.41 
8/2/04 PM 44 1 63 35 61 96 91 126 0.47 
8/2/04 PM 45 1 62 31 67 97 91 122 0.47 
8/2/04 MFD 18 2 71 62 28 90 54 116 0.58 
8/2/04 MFD 19 2 92 72 40 109 54 126 0.70 
8/2/04 MFD 20 2 94 74 43 112 54 128 0.70 
8/2/04 CS 3 2 71 65 24 95 54 119 0.56 
8/2/04 CS 4 2 93 66 30 97 54 120 0.74 
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8/2/04 CS 5 2 85 68 25 97 54 122 0.66 
8/2/04 CS 12 2 98 54 41 93 54 108 0.87 
8/2/04 CS 28 2 73 61 18 84 54 115 0.60 
8/2/04 CS 31 2 78 65 24 93 54 119 0.62 
8/2/04 PM 4 2 93 70 41 110 54 124 0.72 
8/2/04 PM 16 2 88 76 38 113 54 130 0.65 
8/2/04 PM 18 2 108 67 42 109 54 121 0.86 
8/2/04 PM 26 2 96 60 43 103 54 114 0.81 
8/2/04 PM 30 2 86 71 46 112 54 125 0.66 
8/2/04 PM 33 2 92 59 38 95 54 113 0.78 
8/2/04 PM 34 2 92 70 39 106 54 124 0.71 
8/2/04 PM 35 2 85 70 41 108 54 124 0.65 
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Appendix 3. Size, age, and growth for juvenile largemouth bass captured during June and 
August 2004 with backpack electrofishing from the Chattahoochee River, Georgia. 
Date Site 
Fish 
ID Total length (mm) Age (days) Growth (mm/day) 
6/7/04 Cochran Shoals 1 46 47 0.85 
6/7/04 Cochran Shoals 2 40 50 0.68 
6/7/04 Cochran Shoals 3 42 53 0.68 
6/7/04 Cochran Shoals 4 38 39 0.82 
6/7/04 Paces Mills 1 57 51 1.00 
6/7/04 Paces Mills 2 51 55 0.82 
6/7/04 Paces Mills 3 44 53 0.72 
6/7/04 Paces Mills 4 52 45 1.02 
6/7/04 Paces Mills 5 43 46 0.80 
6/7/04 Paces Mills 6 36 52 0.58 
6/7/04 Paces Mills 7 40 42 0.81 
6/7/04 Paces Mills 8 46 50 0.80 
8/2/04 Morgan Falls Dam 1 60 90 0.60 
8/2/04 Morgan Falls Dam 2 59 74 0.72 
8/2/04 Morgan Falls Dam 3 54 87 0.55 
8/2/04 Morgan Falls Dam 4 55 86 0.57 
8/2/04 Morgan Falls Dam 5 48 85 0.49 
8/2/04 Cochran Shoals  1 61 93 0.59 
8/2/04 Cochran Shoals  2 72 92 0.71 
8/2/04 Cochran Shoals  3 56 87 0.57 
8/2/04 Cochran Shoals  4 63 80 0.72 
8/2/04 Paces Mills 1 69 88 0.72 
8/2/04 Paces Mills 2 56 92 0.55 
8/2/04 Paces Mills 3 57 82 0.62 
8/2/04 Paces Mills 4 66 77 0.78 
8/2/04 Paces Mills 5 70 85 0.76 
8/2/04 Paces Mills 6 71 84 0.77 
8/2/04 Paces Mills 7 71 110 0.59 
8/2/04 Paces Mills 8 61 91 0.61 
8/2/04 Paces Mills 9 56 78 0.64 
8/2/04 Paces Mills 10 47 69 0.60 
8/2/04 Paces Mills 11 89 102 0.82 
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Appendix 4. Daily otolith growth increment measurements pre- and post-stocking for 
juvenile shoal bass collected during June and August 2004 using backpack electrofishing 
from the Chattahoochee River, Georgia.  
Date Site Fish ID OTC 
Increment 
Pre-OTC (mm) 
Increment 
Post-OTC (mm) 
6/7/04 MFD 3 1 0.28 0.14 
6/7/04 MFD 4 1 0.25 0.14 
6/7/04 MFD 5 1 0.28 0.16 
6/7/04 MFD 6 1 0.30 0.17 
6/7/04 MFD 7 1 0.26 0.18 
6/7/04 MFD 8 1 0.27 0.17 
6/7/04 MFD 9 1 0.26 0.12 
6/7/04 MFD 10 1 0.27 0.14 
6/7/04 MFD 12 1 0.26 0.17 
6/7/04 MFD 13 1 0.26 0.14 
6/7/04 MFD 14 1 0.21 0.14 
6/7/04 MFD 15 1 0.31 0.20 
6/7/04 MFD 16 1 0.29 0.14 
6/7/04 MFD 17 1 0.25 0.15 
6/7/04 MFD 18 1 0.21 0.13 
6/7/04 MFD 19 1 0.28 0.14 
6/7/04 MFD 20 1 0.28 0.15 
6/7/04 MFD 21 1 0.25 0.13 
6/7/04 MFD 23 1 0.29 0.11 
6/7/04 MFD 24 1 0.23 0.13 
6/7/04 MFD 25 1 0.24 0.12 
6/7/04 CS 2 1 0.49 0.26 
6/7/04 CS 3 1 0.58 0.32 
6/7/04 CS 4 1 0.43 0.27 
6/7/04 CS 5 1 0.40 0.20 
6/7/04 CS 6 1 0.20 0.13 
6/7/04 CS 7 1 0.31 0.20 
6/7/04 CS 11 1 0.25 0.14 
6/7/04 CS 12 1 0.35 0.16 
6/7/04 CS 13 1 0.28 0.16 
6/7/04 CS 14 1 0.25 0.14 
6/7/04 CS 15 1 0.30 0.21 
6/7/04 CS 16 1 0.24 0.14 
6/7/04 CS 17 1 0.34 0.14 
6/7/04 CS 18 1 0.34 0.23 
6/7/04 CS 20 1 0.26 0.16 
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6/7/04 CS 21 1 0.26 0.13 
6/7/04 CS 22 1 0.24 0.13 
6/7/04 CS 23 1 0.27 0.14 
6/7/04 CS 24 1 0.28 0.11 
6/7/04 CS 25 1 0.28 0.11 
6/7/04 PM 1 1 0.24 0.14 
6/7/04 PM 2 1 0.24 0.17 
6/7/04 PM 3 1 0.23 0.14 
6/7/04 PM 4 1 0.24 0.16 
6/7/04 PM 5 1 0.24 0.16 
6/7/04 PM 6 1 0.23 0.16 
6/7/04 PM 7 1 0.20 0.15 
6/7/04 PM 8 1 0.27 0.18 
6/7/04 PM 9 1 0.20 0.12 
6/7/04 PM 10 1 0.33 0.20 
6/7/04 PM 11 1 0.27 0.16 
6/7/04 PM 12 1 0.28 0.16 
6/7/04 PM 13 1 0.20 0.17 
6/7/04 PM 14 1 0.27 0.17 
6/7/04 PM 15 1 0.24 0.17 
6/7/04 PM 16 1 0.27 0.14 
6/7/04 PM 17 1 0.32 0.21 
6/7/04 PM 18 1 0.27 0.15 
6/7/04 PM 20 1 0.21 0.13 
6/7/04 PM 21 1 0.23 0.16 
6/7/04 PM 22 1 0.23 0.17 
6/7/04 PM 23 1 0.25 0.17 
6/7/04 PM 24 1 0.26 0.19 
6/7/04 PM 25 1 0.24 0.15 
6/7/04 PM 26 1 0.25 0.14 
6/7/04 PM 27 1 0.30 0.18 
6/7/04 PM 28 1 0.31 0.18 
6/7/04 PM 29 1 0.27 0.15 
6/7/04 PM 30 1 0.24 0.16 
6/7/04 PM 31 1 0.27 0.15 
6/7/04 PM 32 1 0.35 0.19 
6/7/04 PM 33 1 0.21 0.12 
6/7/04 PM 34 1 0.32 0.18 
6/7/04 PM 35 1 0.26 0.15 
6/7/04 PM 36 1 0.32 0.16 
6/7/04 PM 37 1 0.21 0.13 
6/7/04 PM 38 1 0.35 0.19 
6/7/04 PM 39 1 0.30 0.21 
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6/7/04 PM 40 1 0.32 0.19 
6/7/04 PM 41 1 0.32 0.22 
6/7/04 PM 42 1 0.23 0.15 
6/7/04 PM 43 1 0.23 0.13 
6/7/04 PM 44 1 0.30 0.21 
6/7/04 PM 45 1 0.27 0.18 
6/7/04 PM 46 1 0.24 0.16 
6/7/04 PM 47 1 0.27 0.15 
6/7/04 PM 48 1 0.30 0.19 
6/7/04 PM 49 1 0.25 0.18 
6/7/04 PM 51 1 0.25 0.16 
6/7/04 PM 52 1 0.38 0.27 
6/7/04 PM 53 1 0.23 0.15 
6/7/04 PM 54 1 0.23 0.14 
6/7/04 PM 55 1 0.31 0.19 
6/7/04 PM 56 1 0.30 0.16 
6/7/04 PM 57 1 0.22 0.12 
6/7/04 PM 58 1 0.25 0.16 
6/7/04 PM 59 1 0.26 0.16 
6/7/04 PM 60 1 0.29 0.19 
6/7/04 PM 61 1 0.23 0.16 
6/7/04 PM 62 1 0.25 0.15 
8/2/04 MFD 18 2 0.30 0.15 
8/2/04 MFD 19 2 0.21 0.13 
8/2/04 MFD 20 2 0.60 0.29 
8/2/04 CS 3 2 0.54 0.16 
8/2/04 CS 4 2 0.37 0.18 
8/2/04 CS 5 2 0.55 0.29 
8/2/04 CS 12 2 0.25 0.13 
8/2/04 CS 28 2 0.49 0.26 
8/2/04 CS 31 2 0.26 0.20 
8/2/04 PM 4 2 0.16 0.15 
8/2/04 PM 16 2 0.25 0.19 
8/2/04 PM 18 2 0.19 0.15 
8/2/04 PM 26 2 0.33 0.19 
8/2/04 PM 30 2 0.43 0.26 
8/2/04 PM 33 2 0.20 0.13 
8/2/04 PM 34 2 0.26 0.15 
8/2/04 PM 35 2 0.24 0.16 
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